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CLAIMS 



[Claim(s)] 

1. It is System for Measuring Chemical Concentration of Gas Discharged between Exhaust Air Cycles from Two or 
More Exhaust Ports 0 f ****** in Multiple Cylinder. Said gas discharged exists in the accumulation point by stable 
chemical concentration during the period of angle of rotation of the ** engine corresponding to an exhaust air cycle. . 
Said C stem It is combined with said accumulation point possible [ a response ], and the gas discharged from each of ££| 
two or more of said exhaust ports is measured. And between the periods of said engine angle of rotation The qq 
gasification study sensor means for offering the sensor output signal close to the value showing the stable chemical 
concentration of said gas exhausted, and - It is combined with the sensor output signal offered by said gasification 
study sensor means possible [ a response ]. Signal reconstruction means for offering the component gas signal which 

has the amplitude which shows the stable chemical concentration of the gas discharged between the periods of engine 
angle of rotation corresponding to said exhaust air cycle Said system to provide. 

2. Said interval is a system according to claim 1 started when the gas discharged exists in said accumulation point by 
stable chemical concentration. 

3. It is the system according to claim 2 which this wave filtration means answers said sensor output signal, and offers a 
component gas signal by said signal reconstruction means possessing a wave filtration means. 

4. It is the system according to claim 3 by which said signal reconstruction means possesses the means for determining 
an output sampling time delay from each initiation of two or more of said exhaust air cycles further, and said wave 
filtration means offers a component gas signal in accordance with progress of said output sampling time delay. 

5. Said output sampling time delay is a different system according to claim 4 to at least two of said two or more exhaust 
air cycles. 

6. Said state estimation means is a system according to claim 2 which answers said sensor output signal and offers a 
component gas signal, including the state estimation multiplier relevant to [ said wave filtration means possesses a state 
estimation means, and ] the engineering model of said gasification study sensor in this state estimation means. 

7. the system according to claim 6 which offers the component gas signal converged towards a certain amplitude which 
shows the stable chemical concentration of the gas which said signal reconstruction means possesses a periodic timer, 
said state estimation means answers this periodic timer, and is repeated, and is discharged repeatedly [ gradual ] within 
each of said interval between each of the interval of angle of rotation of the engine corresponding to an exhaust air 
cycle. 

8. It is the system according to claim 6 by which said signal reconstruction means possesses the means for determining 
an output sampling time delay from each initiation of two or more of said exhaust air cycles further, and said signal 
reconstruction means offers a component gas signal in accordance with progress of said output sampling time delay. 

9. Said output sampling time delay is a different system according to claim 8 to at least two of said two or more exhaust 
air cycles. 

10. Each of said output sampling time delay is a system according to claim 8 depending on the exhaust air runner path 
length between each of said two or more exhaust ports and of said at least two, and said accumulation point. 

1 1. the engine include angle for determining which exhaust port of two or more exhaust ports 0 f ****** in said 
multiple cylinder is exhausting said means for determining an output sampling time delay - a variation rate the 
system according to claim 8 depending on the geometrical model of the exhaust port where the decision means was 
provided and said output sampling time delay was determined. 

12. It is the system according to claim 8 which depends for said output sampling time delay on the determined engine 
speed by said means for determining an output sampling time delay possessing a means to determine an engine speed. 

13. It is the system according to claim 8 which depends for said output sampling time delay on the determined engine 
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bad by f said means for determining an output sampling time delay possessing the means for determining an engine 
load. 

14. Said output sampling time delay is a system according to claim 8 depending on the integer multiple of said periodic 
timer. 

15. The means for determining said engine load is a system possessing the means for determining the air charge mass 
relevant to the combustion process preceded with each of two or more of said exhaust air cycles according to claim 13. 

16. The means for determining said air charge mass is a system possessing a mass air flow rate sensor according to 
claim 15. 

17. The means for determining said air charge mass is a system possessing an absolute-pressure sensor according to 
claim 15. 

18. Said Signal Reconstruction Means Possesses Means for Predicting Oxygen Density of Exhaust Gas Still 
independently of Said State Estimation Means. The sensor output which said state estimation means is provided with 
the oxygen density of said exhaust gas predicted independently as a transcendental input, and is offered by said exhaust 
gas oxygen density predicted independently and said gasification study sensor means is answered. Said signal 
reconstruction means is a system according to claim 6 which offers the component gas signal which has the amplitude 
which shows the stable chemical concentration of the gas discharged between the intervals of angle of rotation of the 
engine corresponding to said exhaust air cycle. 

19. It is the system according to claim 18 by which the engine control means for offering the fuel charge mass relevant 
to the combustion process before each exhaust air cycle is further provided, and said exhaust gas oxygen density is 
predicted depending on this fuel charge mass. 

20. The oxygen density of said exhaust gas is a system according to claim 19 predicted depending on the air charge 
mass relevant to the combustion process preceded with said each cycle of exhaust air. 

21. It is the system according to claim 18 by which said signal reconstruction means possesses the means for 
determining an input presumption time delay further from the time of each initiation of two or more of said exhaust air 
cycles, and said signal reconstruction means provides said state estimation means with the oxygen density of said 
exhaust gas predicted in independent in accordance with progress of said input presumption time delay. 

22. Said input presumption time delay is a system according to claim 21 which passes at the time of each initiation of 
said interval. 

23. Said input presumption time delay is a different system according to claim 21 to at least two of said two or more 
exhaust air cycles. 

24. Each of said input presumption time delay is a system according to claim 21 depending on the exhaust air runner 
path length between each of said two or more exhaust ports and of at least two, and said accumulation point. 

25. the engine include angle for determining which exhaust port of two or more exhaust ports of ****** in said 
multiple cylinder is exhausting the means for determining said input presumption time delay ~ a variation rate - the 
system according to claim 21 which possesses a decision means and depends for said input presumption time delay on 
the geometrical model of said determined exhaust port. 

26. It is the system according to claim 21 which depends for said input presumption time delay on the determined 
engine speed by the means for determining said input presumption time delay possessing the means for determining an 
engine speed. 

27. It is the system according to claim 21 which depends for said input presumption time delay on the determined 
engine load by the means for determining said input presumption time delay possessing the means for determining an 
engine load. 

28. The means for determining said engine load is a system possessing the means for determining the air charge mass 
relevant to the combustion process preceded with each of two or more of said exhaust air cycles according to claim 27. 

29. Said input presumption time delay is a system according to claim 21 depending on the integer multiple of said 
periodic timer. 

30. the state estimation multiplier of a different group according to the effect of predetermined relevant to the gas 
exhausted chooses — having — and — this — ** — the system according to claim 6 by which said state estimation means 
offers a component gas signal according to selection of the state estimation multiplier of a group. 

31. The effect relevant to said gas exhausted is a system according to claim 30 corresponding to the amplitude of said 
component gas signal. 

32. It is the system according to claim 31 by which the presumed multiplier of a rich condition is chosen according to 
said component gas signal of the 1st amplitude, and the presumed multiplier of the Lean condition is chosen according 
to said component gas signal of the 2nd amplitude, and the sensor output signal of said gasification study sensor means 
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is reco^figurated according to said selected state estimation multiplier, and said component gas signal is offered 
according to it. 

33. Said engineering model of said gasification study sensor means is a system according to claim 30 corresponding to 
the measured value of hydrogen in the effect relevant to said gas discharged, including the model of behavior of said 
sensor means relevant to detection of said hydrogen exhausted. 

34. The engineering model of said gasification study sensor means is a system according to claim 30 corresponding to 
the measured value of said carbon monoxide in the effect relevant to the gas exhausted, including the model of 
behavior of said sensor means relevant to detection of the carbon monoxide in said gas exhausted. 

35. The system according to claim 6 by which other output signals distinguished from said component gas signal in 
relation to said engineering model are offered. 

36. Model of Behavior of Said Sensor Means relevant to Detection of Said Hydrogen Exhausted in Said Engineering 
Model of Said Gasification Study Sensor Means - Containing and Said -- Others - Output Signal 

The system showing the content of the hydrogen in the gas ******(ed) according to claim 35. 

37. the model of behavior of said sensor means relevant to detection of the carbon monoxide in the gas by which said 
engineering model of said gasification study sensor means is exhausted - containing ~ and — said - others — the 
system showing the content of the carbon monoxide in the gas by which an output signal is exhausted according to 
claim 35. 

38. For said component gas signal, said gasification study sensor means is a system according to claim 1 which is the 
oxygen density of said gas exhausted, including an oxygen sensor. 

39. Said signal reconstruction means is a system according to claim 38 which determines the normalized air-fuel ratio 
depending on said determined component gas signal. 

40. Said signal reconstruction means is a system according to claim 9 which determines the normalized air-fuel ratio 
depending on said determined component gas signal. 

41 . the model of behavior of said sensor means relevant to detection of the partial pressure of oxygen [ in / said 
gasification study sensor means consists of an omnipotent exhaust gas oxygen sensor, and / in the engineering model of 
said gasification study sensor means / a detection cavity ] - containing — and - said — others — the system showing the 
partial pressure of the oxygen in said detection cavity depending on the gas by which an output signal is exhausted 
according to claim 6. 

42. It is System Which Measures Chemical Concentration of Gas Exhausted between Exhaust Air Cycles from Two or 
More Exhaust Ports 0 f ****** in Multiple Cylinder. A gasification study sensor means for it to be combined with said 
two or more exhaust ports possible [ a response ], and to measure the gas exhausted from each of two or more of said 
exhaust ports, and to offer a sensor output signal according to it, A means to determine the output sampling time delay 
relevant to each of two or more of said exhaust air cycles, It is a signal reconstruction means for it to be combined with 
said sensor output signal possible [ a response ], and to offer a component gas signal in accordance with progress of 
said output sampling time delay. Said component gas signal has the amplitude which shows the gas exhausted between 
each exhaust air cycles. Said system to provide. 

43. Said output sampling time delay is a different system according to claim 42 to at least two of said two or more 
exhaust air cycles. 

44. the engine include angle for determining which exhaust port of said two or more exhaust ports of ****** in said 
multiple cylinder is exhausting the means for determining said output sampling time delay -- a variation rate — the 
system according to claim 43 which possesses a decision means and depends for said output sampling time delay on the 
geometrical model of said determined exhaust port. 

45. It is the system according to claim 44 which depends for said output sampling time delay on the determined engine 
speed by the means for determining said output sampling time delay possessing the means for determining an engine 
speed. 

46. It is the system according to claim 45 which depends for said output sampling time delay on the determined engine 
load by the means for determining said output sampling time delay possessing the means for determining an engine 
load. 

47. For said state estimation means, said signal reconstruction means is [ said state estimation means ] a system 
according to claim 46 which answers said sensor output signal and offers a component gas signal including a state 
estimation means, including the state estimation multiplier relevant to the engineering model of said gasification study 
sensor means. 

48. Said Signal Reconstruction Means Possesses Means for Predicting Oxygen Density of Exhaust Gas Still 
independently of Said State Estimation Means. Said sensor output signal which the oxygen density of said exhaust gas 
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,predict^d independently was offered as a transcendental input to said state estimation means, and was offered by the 
oxygen density of said exhaust gas predicted independently and said gasification study sensor means is answered. Said 
signal reconstruction means is a system according to claim 47 which offers the component gas signal which has the 
amplitude which shows the gas exhausted between said each cycles of exhaust air. 

49. It is the system according to claim 48 by which said signal reconstruction means possesses the means for 
determining an input presumption time delay from each initiation of two or more of said exhaust air cycles further, and 
said signal reconstruction means provides said state estimation means with said exhaust gas oxygen density predicted 
independently in accordance with progress of said input presumption time delay. 

50. Said input presumption time delay is a system according to claim 49 which passes at the time of each initiation of 
said interval. 

51. Said input presumption time delay is a different system according to claim 50 to at least two of said two or more 
exhaust air cycles. 

52. the engine include angle for determining which exhaust port of said two or more exhaust ports 0 f ****** in said 
multiple cylinder is exhausting the means for determining said input presumption time delay — a variation rate — the 
system according to claim 5 1 which possesses a decision means and depends for said input presumption time delay on 
the geometrical model of said determined exhaust port. 

53. It is the system according to claim 52 which depends for said input presumption time delay on the determined 
engine speed by the means for determining said input presumption time delay possessing the means for determining an 
engine speed. 

54. Said input presumption time delay is a system according to claim 53 depending on the determined engine load, 
including a means for the means for determining said input presumption time delay determining an engine load. 

55. The means for determining said engine load is a system possessing the means for determining the air charge mass 
relevant to the combustion process preceded with each of two or more of said exhaust air cycles according to claim 54. 

56. It is the system according to claim 47 by which the state estimation multiplier of a different group according to the 
effect of predetermined relevant to the gas exhausted is chosen, and said state estimation means offers a component gas 
signal according to selection of the state estimation multiplier of said different group. 

57. The effect relevant to said gas exhausted is a system according to claim 56 corresponding to the amplitude of said 
component gas signal. 

58. It is the system according to claim 57 by which a rich state estimation multiplier is chosen according to the 1st 
amplitude of said component gas signal, and the Lean state estimation multiplier is chosen according to the 2nd 
amplitude of said component gas signal, and the sensor output signal of said gasification study sensor means is 
reconfigurated according to said selected state estimation multiplier, and said component gas signal is given according 
to it. 

59. It is System Which Measures Chemical Concentration of Oxygen Discharged between Exhaust Air Cycles from 
Two or More Exhaust Ports 0 f ****** in Multiple Cylinder. Said oxygen discharged exists in the accumulation point 
by stable chemical concentration during the period of engine angle of rotation corresponding to said exhaust air cycle. 
Said system It is combined with said accumulation point possible [ a response ], and the gas discharged from each of 
two or more of said exhaust ports is measured. And between the intervals of angle of rotation of said engine The 
oxygen sensor for offering the sensor output signal close to the value showing the stable chemical concentration of the 
gas discharged, The engine speed measuring device for offering directions of the rate 0 f ****** in multiple cylinder, 
The engine location measuring device for offering directions of the location 0 f ****** in said multiple cylinder, The 
engine load measuring device for offering directions of the load which acts 0 n ****** in said multiple cylinder, Said 
sensor output signal, said engine speed measuring device, an engine location measuring device, It is combined with an 
engine load measuring device possible [ a response ]. And said measured engine speed, It is a signal reconstruction 
means for offering a component gas signal in accordance with the progress of an output sampling time delay depending 
on the geometrical model of the path between an engine location, an engine load, and an exhaust cylinder and the 
accumulation point. Said component gas signal has the amplitude which shows the oxygen exhausted between [ each ] 
said exhaust air cycles. Said system to provide. 

60. It is the Approach of Measuring Chemical Concentration of Gas Exhausted between Exhaust Air Cycles from Two 
or More Exhaust Ports of ****** in Multiple Cylinder. Said gas exhausted exists in the accumulation point by 
chemical concentration stable between the intervals of angle of rotation of the engine corresponding to said exhaust air 
cycle. Said approach The gas exhausted from each of two or more of said exhaust ports which exist in said 
accumulation point is measured. And the phase of offering the sensor output signal close to the value which expresses 
the stable chemical concentration of said gas exhausted during the period of said engine angle of rotation, and — The 
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? stable chemical concentration of the gas exhausted from said sensor output signal offered in said measurement phase is 
reconngurated. And phase of offering the component gas signal which has the amplitude which shows said stable 
chemical concentration of the gas exhausted between the periods of angle of rotation of the engine corresponding to 
said exhaust air cycle Said approach of providing. 

61 . Said interval is the approach according to claim 60 of starting, when said gas exhausted exists in said accumulation 
point by stable chemical concentration. 

62. Said phase to reconfigurate is . It is the approach according to claim 61 provide the phase of determining an output 
sampling time delay from each initiation of two or more of said exhaust air cycles, and said phase to reconfigurate 
offers said component gas signal in accordance with progress of said output sampling time delay. 

63. Said output sampling time delay is a different approach according to claim 62 to at least two of said two or more 
exhaust air cycles. 

64. Said Phase to Reconfigurate is . Phase Which Predicts Oxygen Density of Exhaust Gas, Are the phase of offering 
the oxygen density of said predicted exhaust gas as a transcendental input to said reconstruction phase, and the sensor 
output signal offered in the oxygen density and said measurement phase of said predicted exhaust gas is answered. Said 
reconstruction phase offers the component gas signal which has the amplitude which shows the stable chemical 
concentration of the gas exhausted between the periods of angle of rotation of the engine corresponding to said exhaust 
air cycle. The approach according to claim 60 of providing. 
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&ft^<fc ^&igftfci|fc*Sg*L&}t*C^&o 1 ») 
y ^ r £ <9 ^ - * fiNSilrf -0 £ t V* o o £ *W* & # x M, U g v» T-li * <o v 

JttJtoMIPUJ: UC^^^v^)iiII«^'^»t (intole 
ranc e) & V^m® g @ <0 ifi^sT n& U ft i 0 i^BcfcjSUfli-attfcfc 

<t> -> 7. -f is it fc&fcj ftEGO-fc^-frfrttfflt #0 ^ < o ri-co -> 7% -f A Si: JtflJ -fc > 
f (proportional sensor) tttffl'fio i.ftSx&JfcW-fc:' 

* ua& * A^0if«0 k M-ra > & « •/> fi - r u##-t & , 

^ 2 tt£di#frtlfK1- »Jl5ttfl9ftEG O-t^-9- fc#Jt3ft*« 1*^69 
ft E G 0 -fc v-fr <fc ») 10* <0-> ■) > ^colfljeSrfrft iitCJ:^ ?l<fttf> > x r A 

l & * & * £ t s & it <?ij is j: Pissij v v ^ 9 ftm<rm&*t k. 
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^J^Jt-fcy-w-ti-^^UEGO. ££{i75f£$&7fx®i t>f («nive 
r s a i exhaust gas oxygen sensors) i: LTjfcQ 
%tJ.T'/>*o i>t>bA,, m*<Di< >) yyi'mfe-f&iz&kzit^ 1@S!l<OUEGO-t 
y •* -> »J ^ ^ y v ^ * <7>i^#~ h let t& £ t j&^I; t »« L 

C«$&tftt2jqft&UEG0<fcy-*&<):c> f --f y ? y ±- xcrrt 
•t y * * affli- 4 - fc ii« v- a fAKjf t < <7>Hi£$ $ft <ttgj£jg # *. * 

o *u & ^ 4 * y -9- * ttffl t £ ^fAiii 

JRftN & £ CR- <o»fSC v xfA Kftfttt ft a >mv*tot.VHr4 + \ y * ft B# 

it ^ * y -9- » jft&iAK elUft U 51 L T , U E G 0 £ £ 0 s E G 0 -t y * tf> ii 

*>*i-©o HiS»=5:*>"9-Krp^T«x *JflftJllttftI&$li5$&ft*j|ftftK&L 
jft 1 1 H z UHfe $ ftT £ & »*■ * > ») ^ ^co^lt 4' Xff K i)£ 

T^^^uji^^jfci^-e^^^o 2, o o ORPami. ASftas 

n ft i<- Y TTOSMt**** Mtfci§i=\ #Sttft R*-fc y*«o««»i£*tf# v 
') V ^Sltt; U & M K iiffcT « © K Si >5 ji^J -C* & o 

hu teet m ftft *dt*9 -> a -f a n p^iiT & & x a <®*3§ u m 

a n s p o r t ) J »i-> V > h (exhausting port 



* 1 
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<?>S^Jt * SMB lifcli$«4f^, ') y y -t > * til a u 

hemistry) Ui&»T*fc JslTta^<**«>^WW*#ai*3S 
ii S & U $*Uli$ <o -f v Hr 7. <?> £ ?>|e)$ * SMHtf * o l«-/^fAK H** * 
l^ftifcj&^ii&cOv >) >*rw£%&l blow-off) KAfcia-C**, 

£ -> ») y ^ v y tffiglft u yt v V > /*>#£«>fcil 

£ $ ©3614 1 « -> 'J > ?<r.m%#- ^ 3***869 $J0> £ © J: «? TI« ( d o w 
ns t r earn) tt* tvtUJ: <EV **lT^iia*KWU4t*<>«>T? 
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#56 co v ') > ^ *u 4 x. *i£ 7 d - -f y t' - y y a ( f l o w i 
mpedance) &*y*JyMK. X iXmtQK&W $ti$&« zti ttirMm 
ICIt^lWIUCH^Mn tHHI yxfi »* iit£><o$ft if x & 

<r>itm (geomet r y ) tc i: * T9 1 £ i * *i 6 0 i *i 6 <*>f&ii£ft# t^ii 

s »ftarxaw>*"** nvwfcfcfcfcjtf/i *utBtit*±t*tt*i 

<r>fc*><r>%& 3 iifc -t y -> 7. -f A o * ft n:-b y -fr v x f A Ji # v 
^ y ^ «iK->^ f A Cf 065 * a ^ f ^ v fKteXCff'lT'S. 

ci^Mte&s, # Mb** y*<&#8^& a sxc? 

>) v * £ <fc P V - y £ HP ft if x u ft - J- * -t y * I^ti^A *i 4- it it l* 
HI 3 5i, »* L^**«Ki3^T»fflUSK^itt*Ol*Hltt^J:0 t ja«Sfc£S 
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*H"C&& 0 

0 5 ii , # i t n *JW! '/> T £91 * it #0 HI 4 lt~m$iiti^> V v W9P v 
H 1 0 Ji » tf 4 L Sttffl U * ^» T gM| & ii* * v y • >t v v - tt* x -f 

hi 1 2 a, ->v 1 ^»i»«^?yt*t» 
win 

HI 1 3 li s x^v^rpm^J: fit 4b v V v ^*#Si9J 

HI 1 4 li, ij^y • A'yy-^lxxf -f * 4 ¥ KH%'9"£jt* co^g X f 
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v rfommmip a s *i& Jt w & a -ft 

4"t lo«JtW«>*3H:y*tt-«ttUEG0't^+, i^li3?86»««' 
a gfc^-fc ( ii n i v e r s a I exhaust gas oxygen 
sensor) t LTjafe*i?i')*« ■fcy-frdifllM'fcfcS't* fc^fcttffl ? it 
•> 7 f A J; c^^ gf^^v a f A ^ ^ f 1 y?&£Cm + Z v 
**B*ntti3J:tf£Wft*7D-3»* (flow effects) fr#fltLT 

* 0 fflx »f » Rit^M (hydrocarbons) > -gHbrgf ( n 
itrous oxide) - tK^ (hydrogen) - & X 0 s — BHtpt^O 



Iff* I <ttUEG0-t xfc Lfc, -tv^ftlHiMC*-** KfcilL 

T*^>" 1 fdlt|'©-tt > #-ift't*o ^U<!^^>'^r>- (Ka lman 
-Bacy) JRSat^J-^f'-f (state estimator) tc£ 
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« 7 -f H/ ? Ci-J < i ?• *> J: v> o 

0 i: LT 2 ooW. UEG 0-fc MSt^^^ 

fcj: U E ^>' v ^cr)i^>7f A<0&#co!&j£ (gas transport) <0 
-t: fc o n T Mf £ » UEGOt ^ ^<?> tt^ ttflfct (Uo Tft frU 

Ttt, r***^* (OXYGEN SENSOR) J *HU 1 9 8 5^2fl 

1 2 Bft<^£J tf'V^^K^T^fcSJtfc, *g$ftJM. 4 9 8, 9 6 8 

*<h» $ *i>t w u e g o -t v © mtr a -t ^ as©* m & - ~f £ u *t * 

#vtry^tt (p ump i n g current) tfcfci" fi#*C-**o i<^> 
tf>e>vmm ti& til * V £ -f -f u if « $ * CO £JE * If 4*1" * fc <«> fc ttffl 3 it 

El 1 ii, UEGO*>^^^46<^*l^<Oil-ttl£^i3J:^^>v^^^^<Ov 

lttlHsil, 0 0 0 H zOttH»H^ffl»ftSrfc*>1"« 1 0 

3 WJ- & U E G 0 * y V-vmij U xlfct * Wm* S+->To £ ©JHiftSfc 

l&BHfc* ft- 71 0 51iUEG0H:^<e*Stt*ift«tfJB*&i£$ 

T&<> & 1 1 H z OJSfcfe 1 0 9 UttJfc* m07 H*V*T, -t f 
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••HI* 1 0 5 lillM* 1 0 S J:5ftTUv^, £OJfc«ttffiiSW>lfc£tfU 
E G 0*^W$&*>-> -V *^J»«#x*KlMt*l^ 

& H<ft#ft# 7, mVL H \f> T ttfg * Jt *> ftft K HJS * * o £*Ui# X *<£ 

K J: oTW s *i & << t §e fi^ - * * KUfc tbf & m U -t ^ * tu * 

fz V> K # v ») v ^H* Kfc S U E G 0 * > * (Dtztixnm t 1 1/» IH & 
SWfc***-*-, 1 1 3U*nT, 1 1 10SX 

ftfeTLTfci? i«>Ali*SJ5 0 H zcO$&gU 1 5 t£#l6 U'/'S, R"t*U, 
UE G O-fc ^*«Jt«fl9ltS8* £ '9 S v>Ja«ooM»#2> ? -fc > 

F t £>I«9 U E G 0 «k > -9" 4 E T ttWjHi 

U#ARft#:2 0 5Uj3tf«>-t:D<o»£g (f lowrat e) < £>j^> 7" 

aM*#xfc*»**jEJRft3:H.fcgyfcJt, i fcii A e jc B A» S T 2 0 7 > 

2 0 3 - 2 0 5 U*>£ <3 Jt«tt-fe«>#$Sg*i* IT W-> 0 k tt^jjR-Jt* 

5C^T^<7>») - (1 ean) fMfeW&KfcuTHU A fc 1 *r 1 <?*t 

Oil fetf ii &m$% 2 0 5 K i3 ^ T3*r I ^ 7 D - ^ JP * t * tf U £ Jeft t * 
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^ + tib w s# w 4 <* k a jft 1" * » ^ * ^ w *^ ftl" * * * ^* * o 

6 CO ji L & v> > K Hb L T V * 4 J. ^ v ^ 13 ft * ft® £ 4' E fit U * T 
3D* 1 ** 

I ^ a U E G 0 * ^ * «>flb%£&; Sr J* £ v * Mft 4 S B * * * co ft a * g 
fc> I T v» « o 21 3{iJII9fc)>$:UEGO^>^ oflfcj*«>i££fc <t Effete 

& k & * *i* *r xutt *> sfe-rt u ^ u flji»*e* * *> > u e g o tb * -fi -t » & & 

UEG0*J'*o*l^*5*#14tt*»£**JM*«&*^ ifcliV **4i 

mary g a s) <og*cofl^*r IT^4*> 0 

#^»*#^-Ctt* WTOW#B^ + t"f KfcltfcR^jfrJBE (part 
i a 1 pressure) «>U*R4SS#tt*«)#^ tf 



[ftl] 



8-5 0 3076 



p RTL 



I „ = r y ^<t -e<7># y f y vm : M 
n = -t: y * oo mil W ifx&fo iz m it T £ / ^ 
^ £ «ltli« ft = ® f £ T a 4 
F=7T7f-^ 

Po# =ffi%ifxn<?>WmnftJ£ 

Pod =.|&d}* V t r r * WRSS^S-JE 

t* «>U(fii»s* sntaa» **y e y /m^et* 0 



Dc«H.= CoH.»Wi 

p r o e = m%#z + c o wjee 



[12] 



, _ nFA 
p ~ RTL 



PcnHme ) 
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** * K. "J flt**e* & i i: *> ? * *o T & 0 

IJlfefcv - * * K*>$»+ KBB* t j5»*pT«US1 * ft* U E G 0 * * $6 

afcofc l *>a«Lii WTO ft£ lUo *c&5ef&fc) K * f JHt-j- *;k#ti*o 
[*3] 

TziiO. 0 0 4 8 -0. 0 5 0 8«HlrtU*4it 

> h 2k&<0 U E G 0 * ^*^«>£* * fcfcBK** £ "> V > ?M 
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» AjklRfl E «>»*"C* ft o 7D- ^ * a 5}«7D>- A fl, 7 

3 0 3(a-?t$? ftTfc <9 , 3 2 i -c«ri J? , •> »; > i 
-h*»W<tt*»«»4 c z Zm&v - * >u K's t ifcai t 4b o « * <?> 7 

d-a')Va3 0 3, 3 0 5, 3 0 7, 3 0 9 ; 3 11, 3 13, 3 15fc«fcCF3 
1 7 tt9 0 1 £ JoTfrJtSJtTfci) j&>o#Sflgfcli 1 8 

OS- 2 4 OfccDtffcHH'TifcifcfcffiB-r^ST***, 3<z>J#ft 

h^HDi: ioT5l$te£$au>7D-/***3 0 7fi#M^*3 2 3T-& 
4 ft££j9 5 ;FS*!."C'/>fto v'i 7cD$&*'~ N«^PUJ:oT5lif 

feiSitft 7tiw?)V73 1 5U|Hiij^3 2 5 -C&4 ft-T t* f *?*iTw* Q 
■>») >y# 2<r>®%#- ^ipi:J:-5T?llg;MU 7Dwt»/x3 
0 5 3 2 7 4 ft i £#7j* S ftf^fto 2cU> v ') > **# 6 V>ffi%. 

h<7>P3PK J: oT5l £ ftft 7 d ~ -'^'UT. 3 1 3 3 2 9 Ttt 

->V 5«>*5M*- h«oP3nuJ:oT5l£j3vr Sftft 7n-/<w 3 l i*> ? 
Mft*^ 3 l -e^^iiia^MiT^s,, 4 K 

<7>^pKJ:^T3l£te£Mift7D-^)V.7v3 0 9 3 3 3"Ctti*£ 

$*( h <r>® P U £ o I £ £ S ftft 7 d - a 7s 3 1 7 * f *JS g<£ 3 3 5 
^#4ft£*#>jS&JtT^fto 

^-©U E G 0 1 >^"> 'J V ^* 1 , 2 r 3i3«tO f 4 

^Ttt* $ ilT ^ ft Q vV^^l-4K BSilTft 7 D - * )V X & g£ v ') > 
1 - 4 U ft* * it - * */ K«*a«>, * II * il , # f > h ^ 

0>JMR$*i*:R£<9?fl3 1 9» ? t#^*ifto Mooli*r?\ -C-it-f^cOv"? 



• t 
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H</m%'y l ) v ?K MM~T h m * * 7s jftjf KfchSr* « *>ft* * ft & * 

3 3 9 s •) * ^# 1 i # 3 OSL**&«>#fc**fcM«-*-* 3 4 1 
, -> y y ^# 3 ©**6©*5lUMSfc Mill-* 3 4 3, v V y ?*# 3 J: (It 2 
<&&**&«>$*B*uraii'** 3 4 5s 

£JR&± 3 3 7, 3 4 1 J: CF 3 4 5 tt»£*»^ > h T 
v V ^ ?<r>i u - /< )V xo£4r o we>!%& & 4 ^ * - '^fr fc«)i::^ 

YX'TjtZtix^&XoK. ^yify<omftm&t-%M'f&'&¥W&&fz& 

CF**#«>«AK* (c ha r g ema 8 s) UJ: oT»Sfe**i*. j^-;/y*«r 
, h >iSE, & ±(f®%7r 7s 7u*7,<omi~ if 7,m<Dm& (d y n am i c 

* * r * ? ? $ graft K BH-r * tiff £ re tf^ii £ * oolfcfc - f fctt-fr $ 



i 
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OiK7!3-Aj|,^*.^^i (aftermath) jWMC'?-**' Kfc#<£ 

®M-&tto zti$><omii£tt<?>t:*>, ®%yv yjni®<D*s t ) y?x.m&t& 

m 4 <i , j. v > f y > 9 <r>mM Hi £ i'il'J £ t frofcflmtMMI K Is ^ x 
ffiffl S ft * SJSUfc •© ^ * v > 13 J: Vf- y y yfa\m > * f 1 A 

-> AT A 7*D 

4 0 5 4'*'t«o £1 9 4 0 3K33^Tii> ->»J>^#1 4 0 

7 IA»5HjK— f *^=«3»KjK— h4 0 9 i'ft*« in:, >';>^##3 4 1 
1 ^ 4 1 3**"t*o h 4 0 9, 4 13i3J:^l 

-VIA 0 3 Ufcttattwt go tizhb <H l &%X - h #W '/> 7^^-^ U # a 
«4 1 5*J#iirt-«o £*i 4 1 5fiU ££-C&@<7>, 
^<<7>5£fr#7. st*t6<7>#*4 1 5 \tft%?z — ftbV&Xtfyyf- v 

at a 4 mm%^^)vyaxo ! yyi'zy7^i,4 i ? am 

n&)Kmm®mJf7,m4 1 sfc^MS^w^K ::tii4 2 0, uj3»t*«io 

UEG0t>*4 1 9^L#4rtZ> 9 i«*l(OUEG0"b^4 1 9 ttJJMK# 
&m&*4 1 6 1 4 0 7t£*f**J0*t#- f 4 0 9&£(?%m 
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£Oi£i'iBtntojI&, i fctt^JiW©***- N 4 0 9*5 J: CM 1 1 , is J: 
UEG0-fc>^4 1 ^Mttf-f > N 4 

l<0$ft#~ f 4 0 9i3<£tfv 'J 3 y 4 1 3 43 £ C^U E G 0 -fc 

>^4 1 9^ClSSf*^>t->Xfil 7W»»-©lft**«flr*«» 4 

C*4 1 1 ri s J#fttfx**co*Uftd}1-*7D~ -f >tf-^v^*«*WK|i4*A: 
Jfl^j * tHW J- 9 - «>£ S £ * £ o £ it Si ft &*t ti &ffi ft U M«'t & S»* 

*rifi]T<&-> V yyt<vt 4 o 5 liJtJfcl"* KisJtf^^^-v^f-^ 4 
2 1 Sr«"1-*o Zvyttfa-fZi- '} 4 0 5litt<fr**#**4 2 5 *fl 

^l-^^^^jlpJT^UEGO-t^-^4 2 3**"t*o £coftlRlT&UEGO-fc 
^*4 2 3«#*#^flt4 2 SUfcttaB******?^ 4 2 7&a5#T& 

fflJE* 1<7>> V Vfuvt 4 0 3KM& t , ^ 1<7>UEG 0-fc>- 1 J-4 1 9<Odl 
*MHM 2 9tti'/->*>lWH->Xf 3 l(cA3 3ft«o i<7)JL>->' vMflv' 

&o &*</)|i, i>'v^tSl^t4)5:^U , 77i7-7B-t>^ (mas 
s air flow sensor) >/>-f *i<D-fc > 

■9- S> x y y V co IRft^ ~ * * K«!>afttt 

£ ? §21 * tt&o ^ K^TJEt?*^^ 4 3 3 littiflfi#* 
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KvmWt&o £1 t < UU * K©tttt>JS^«W3(7fi#3 3 4 Jit 

1 (ma s s) K»£*i.&o iftttxy-;yiWai/xfA4 3 lU*>i:*>fc!8: 
itfcfcT^-fcvf * D3> No-?4 4 1 fcJloTttT«!>8&*ti-JM"*£*K 

[ft 4] 

m = ? V 17 

v=->») >y<o£i& 

P = P/ (RT) 

P = i)^ S ft - * * K*«-JBES 

R=5M*£8u 0. 287kJ/kgK (£«fc-oi#*T) 

T = ~ * ;v K u »t * 3£aw>*fiitaj£ C K T-i!)Se) TNfc * o 

[&6] 

n = v (RPM, P) 

£<Z>4ft6\ 

p = $)£ $ tl ^ ~ * * KlgftE +J 
R P M = EIIE^/^ilSB ?ftr:^> S> > iSS"C* * * 

if i ft/ Kfg*tJ£££z&'J5eT& £ i: U i«9 ±SeW"»* 

ii 121 1 3 <*> 7" "7 y £lSJ& * ii , *<> xV'/J'OR P M £ J: tffRft^ - * ^ KEE 
#fcJ:->Tj§?jSS*U-> (indexed) >V v 9 t v T'f - ^JVCSo'l^ S 



(30) 49*78-5 0 3 07 6 

*U> o 0 1 3 %4 < )V y?ry ~f'T - 7* )\><r>n £#:<7> % 1 ^it, 



RPM 2 0 4 0 ( 0 80 190 



50 0 


0. 6 9 


o. n 


0. 


73 


0. 76 


0. 7? 


1290 


9. 6 6 


0. 67 


0. 


Ti 


0. 76 


0. 78 


ISM 


0. 64 


0. 68 


0. 


7* 


I 7 6 


0. 81 




0. T2 


i n 


0. 


78 


D. 8! 


8. U 


aooo 


9. 74 


0. 7 7 


0. 


73 


6. 81 


o. 8a 



y^Cxtt^ItSMAi (mass air charge) 
fcfc1M13:fc*Kl^***fr*$« «iMH:^ (mass air 
flow sensor) »'^6ftTi^<>^!j7»*^ KjittJES-t 

x v v yMfil ->at A 4 3 1 'v^-ftfeeOAt? li* A v t7f HIE-t ^ 4 3 5 U 
<fcoT#x.%tU S«t^*4 3 5 a* A->* 7 f 4 3 7*>SBSRUj3n*tn- 7* ( 
lobe) 4 3 6 **5i1-*£fcfcl^Sia<6i-*^:/v 0 1<^->V 
1 4 0 7 <r>±.9Z& (iop-dead-cen 

ter) , 3fcttTDC> ^f, V7 MsHte-b 4 3 5 1*7 2 0 

fcZL<D^>yy 4 0 1 <D@&n8EttHift&1fcZk Cx^y'yil-y^f A 4 
3 1 KTDC-ff-4 3 8 4r»W^*o iTDCflf 4 3 8 IH^ v «->Xf 



r 
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4 3 %\t*.V*JV4 0 \ <r>??V9>s Y7 Y 4 4 2±U«**aifc, ffltt^'W 
*>a&&£-fcv<J-4 3 9fi^>>>^«fii^4 4 0 1 <?> 1 0 

4 4 0 tt * y > v $Uip -> x r A431CJ:-5T if oo i y * - A * u to 
vT^A 4 3 1 K"^TMT<&o 

3 3 2SI61i"C**, lt^r^OD3>fn-7 4 4 l^tfc iO^-f 
?B 3 yFD-744 1 {imi£TDCi-|-4 3 8 > feidfiVv^t^ff 

4 4 0 ftftWKIi, 7.0D3>fn-f44 1 littM?* 3 8 
|3 J: 4 4 0 ^^)VX»-f) 

* 74:^1 *l & fcfT S il & £ i& ^ t^yt^i/'Tttl? it -6 tills * % h 

-try* ^ma *<> * -7.003^0-744 1 uafl^ - * /« 

<d>^7 ^ — $ •?~~/)\'- 1"^" tf 7*u y m, & w ') - y*}** 
') (ROM) 4 4 5 i , ^tfo ZWfviT? AoMliArs^UMi-^K^K^ 
^Tauffft^c ifc* iVv^i->AfA4 3 i«ift*>«t;»Wt*^» 

tC & ttffl $ H * -if « * (DC ^ ?SrAT?*7>jl*V (RAM 

) 4 4 7*£tf« *r A (DAS) 4 4 9» 5 Mf*UEGOty 

■9-4 19, 4 2 3fc£0 r *?<£.*n' Ymtt&jj-ty^4 3 3 tioTJItt?}lfeft 
f-4 2 7 , 429^^0^4 34 **Hfrt* fc^fcttJH * it«>o D A S 4 4 9 Ufv 

£ tz ^5 0 0fy/V&\ 12f^7to7- fy * JV&fcH* « ffl 

tTfluasit** ^^^fi.r<o^isi5ii^^yvyfW^->x7 s >A4 3 1 
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>wtr>- ( K a I m a n-Buc y ) Htltfi* ^f^O t*«, ft ft 

f * Kit LT1$i?J#&#*^ 4 1 5 £>i*« * i £ U I oTfr£ toft 

4« £<7>I^69*f ft#J)£fc&^&£Wi:UEG()Hr>'- 1 f 4 

1 9</.)-tV^£lS^e#4 2 9frh*>Xl3* £S4 3 5, 4 3 6.. 4 3 0, 439 

jR»-ty**6^SJM»X (air charge) &t&J->V> 

a ( f u e l charge) zvfc&o ^ot xiiftjt«4i 

EGO* y-fr^JfcSft'Htofc'&fc** 3 its-ojl® S ftfcft&^ISIifcftlfefr*!* 
tU"*-* S&o •H<7>/l'f* * * (predictors) » J. 

xf (est i m a t o r s ) , £ iit&X v <i K*- K (si i d i n 
g-mode) * 7*-*'- ') * TV 7 <^H£Se (Lyapunov' s h y 
perstability) cS-2*<i/f-^ $ fcli- a- v v r- 7- 

■fif^t* (observers) t'lfflSSrt • ^HfcSNtfeJ^-f * > 

^XAsWCJfiSHfco SCit^fn-fttoMC 6 S 3 3 2l7-f^D3> 
Fd-7« ioS<^> * x ? K X < £ I Ti/»* o ab-o »i , * fc- v?i<0M C 6 
8 3 3 2 g7-f ? D 3 > N a - 9 Ui^M^ C t & < ©i©D S P 



(33) ft*¥8-5 0 3 07 6 

Tiff 4 U> i tf>"C& & o £ t li U E G 0 * > eo A* $ n 

4 W*U E G OtfMfcdJ* V t r r * Kfc*t&®3f«ii££ £ tfU E G 0o0fl§&<*>& 
\- tf r -f ^«r>S3|j£ft y <7>Rj£T-& & # ^ y 7'®-5li'^tfo ,1 it £><0 

efcfrt a w ^ Jit £ « o wa* y • -' ? ? 

1-*«ffl<oM«$1-£ i fc , ItzWvX* y • 

Sg x * -f ^ * *<£ttttl 7 )V >? I t> i ft&ft-?jEB&tt% K«* -c & * X 

flute* > • v-M*^x^f- .-f ^OW70t33 , /)-n-'?4 4 

AiiUEGO^y* 4 1 9«>E*UJ:oT»£*ft*IM|#4'J' F 4 2 OKfclt 
ft$ 1 <*>-> Vvynvt 4 0 3 o^^mXrl'MtLs 4 rzim&it&v DA S 4 
4 9KJ:*UEG0-fc y^lhUjW 4 2 9 * )V^y . 

«ISE7 , D-t^4-§rtr»4 U**fl5**fTLTi/»* % ^ObsvF D-?li*fc 

> b 4 2 0 UiJ»t**5fe'5:«**W***>1-fltK«ifi'?-*fl# , Srfft't*o * 
-y%&mi?XK#T&*yV&®<r>&<o£X 

n/s ttm . axo'mmrti, -> 7. r a u i n * *> ? »jft u t ^ * n 



(34) #*¥8-5 0 3()T6 

illS fc> £ U E G 0 -t > m +> S 1 4 

m v * r A 4 3 1 *>M@ * oo -> 'J y ^ooS** it ftemeg * £f? *C % 6 X * \z? & 0 
Ztiti£% %<0®&tiZV>im<?)®W%. (granular! 

t y) i;»i>vym->AfA4 3 1 a® *<?.)-/■ vyyvm&stmm^^ 

% $ <© ft® § » ft o 

»*Sr*a«>**#^ > »• 4 2 0USB?ftJi:UEG0t^t4 1 9«il^ 

U E G 0 -fc >*<7>&^c0l^ft* fJHitt&K 1 &<»&&ffl&l5&$.<7>l&& l "? 
3-*.£*U-> 0 iKSfc^fcJ: UEGO*>^<oii^Mco^m.:J:oT?Efr 

t vi t a * *i tz a £ 0 s v- t. ?■ a * afi?"t * ± t^to »t i * -c* * i 

[»7] 

dt V d L oe V d L °* V a nF p 



(35) tt&?8-5 0 3 07 6 

Pod =fciti* * t"r 4 ft<0®%<ryfr& 
A=*fcft8K«>§fc«!iWiB» 

R-JMBfcft 

F = 7r -Seft 



[fts] 



r s =*»-tn/«>«a 

I . p *£ t- a n # v t' * ^-t £ <n v. &m 4^7x|j( 
'^Tl^Ut* ( i i near i z e) £ fc » S H * t'^o U* 5 -jX^«^!5 ! S 
[ft 9] 



dP 



od 



dt 
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[ftl o] 



dl p _ GR U C, f&,\ G (v . 



(l-tf^Q) 



R« = flg&U E G 0 BJSK 15 ftttttttH 

C« = l*J8&UEGOiai&fcfc»t* Silfi 4 « 

[Stll] 

P p 3 



A tf 3 C 3 " /? 3 C 3 



R. = U E G 0 HKrt »fc fc»t * ttfttt 

C. = UBGOBBrt»Kii»n §»fl(fC* * 0 

[ftl 2] 

dt ^21^-21^22^22 ^21^21^22^22 



C 



= u e g o mfo & * tefcvfii 

= UEGO®lfrrtS&KJ*»t*§Stt 
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v. u e = uEGoajflift**» 

[ftl 3] 

*W-v L_7 L 



= y 4 : / : 



x(k + l|ft + 1) = *(* + *)+^(* +*)IX* + ! ) " + *)] 

<r>? i y v ? 7, 

C =I*«*r (specific 

s) ^iStft^'^ -?-7M)f^ 
k =Jtfti*W»»[, iw»^k + l ti k J: *3 

±SB&^ 1 4 JifcjE^fia; (correction equation) 
& c d <7>^IE^fI^<7> 1 tt a£ M i: 3 1 * « < M^SS* tlx * ft £ « 



(38) $£«¥8-5 0 3 07 6 

mi si 

x(k+l\k) = M{k)k)+Bu(k) 

tenx^to* 7* it u e g 0 4: « * * j i/» * * f nt* * ± ujs^fcaigtt 

I k> <o«lfeoft*uai^<ifcMftx (k + 1 I k) cm**)******?-* 

f£J3 $ tl -O^fJOT^T^ & o 

+ ©>t9j*-* , * , M)** (A, BfcJOX) > JsJiCF^-f h 'J?* (Fk 

* fc»U , ««S!^i^-> ») > ^co*^ $ *l * - ■>* t 

ftftAt) (u) feJCFUfcUEGOe 
-f 4 2 9 ( y ) £ £ t&ft 1" & w £ * * o TCHjftA 1) ( u ) tt * to*R > 

? & o 

^ < -^79-.<7>fl|tin:##XM* ? rax7 r <r ^ -f * 13 X 07V * to 7 >< to 9 t'M 
9k?2>it*>v> £ fcUfMifc wC«ij< H:ttlt / <lt'4)*fl ft £ 

<o*:flc!i IR'E'KalmanUiDfSil, 1 9 8 2 * 3 ft U J 0 u r n a 
1 Basic Eng. HfcuTfflJK* Jtfc "A New Approach 



(39) tf*¥8-5 0 3 07 6 

to Linear Filtering and Prediction 
Problems" :R. E. Kalma n&<fctfR. S. BucyKii)!? 
ft, 1 9 8 3*12flKTran»act ions of t li e A, S, M 
. E. Ser.D, Journal Basic Eng. K £*TttjK&ftfc 
"New Results in Linear Filtering and 

Prediction Theory" D95-107H; Richard 
J . Hi gg i nsUli)i?ft, 1 9 9 0fCPrent ic 



e H a 1 1 * <9fcfalK3*Lfc, "Digital Signal Proce 
ssing in VLSI" : iJ^Robe r { Grove r Brow 
nfc^CFP a t. r i c k Y . C . H w a n g K X <? V 1 9 9 2*UJo 
ho Wiley and S o n s , I n c . X »? MS ft* - 1 n i r o 
duct ion to Random Signals and A plied 
Kalman Filtering" l-^tfo 



[ftl 6] 



xc(0 = 



K 3 
V 



(40) 45*^8-5 0 3 07 6 

ft ^ 1' T •€> o 

u (t) =£<7>J§£\ ^M^MJft^iA^SSfcW 
T V i 

F 13 £ 0 s G = * v * - * <??^ h >; * X % F "7 M) * 7. 
[&1 7] 

y (t ) =Cx. (t ) 
y (t) =^W<OK^"C-*-caitJ^^cOTU-f, 

tu f£&5t 1 7 "CH *> * ft <> * f >Vtti * y *r <n 

rt»ft94SE»tfll*M <y) ioMott-fr "C" "C" li 

Mftg^lb^tbt/ (y) ^oflWBifclllE^:* Umplificatio 

y (t) = [0 0 0 0 1] x« Ct) 
HI 1 5 14, ±SC««tt»*«rt 7-13 1 6 is J: 0 s 1 7 fcfc^T#A 



(41) 49*78-5 0 3 07 6 

Ell 5*>5*fci*tt*, 5 0 1, 150 3, 150 5, 1507, 1 

5 0 9 JSiCM 5 1 1 i:J:oTgt)Mil> n«>ftftli*^+«>«ftUii^T 13c 

eis u & a--?* ^m^m* o a bt £ * n & * * ri- * <> 1 

2c*f;*iiift!/> (rich) UXO 1 ^ (1 e a n) gEft#*$IEU*t LTUfc&jfr- 

its &nmtl> 9 l 5 1 3fcJ:CFl 5 1 
yrtK&\1ll#Lirx (primary gas) ftjfc'ft'tio #*>£>T$ 

'/> (r i c li) fcJWTxfcKfc^Ttt, H2, C Ofc J: C- H-tt 1 
sb-J-o Lfca<o"C, n = 2 ^oD, = 4. 

1 x 1 O^raVs-C**, &*>*&T*i/> (1 e a n) UMtarxSTCIi* 0«H 1 
Wtlfct. tfcii'oT, n = 4t^l}, ^D 9 =2. lxi0"'mVs 

y 7"* 3 Jifc&ftfr*-?-* * fJW £ it*« 2 o<?> x 

tt* Z *fr* o * i ft > v y«|^fA4 3 1«« 
FD-f &<t>M C 6 8 3 3 2S70c3>)-d-7{:J:« fcfrOfcfc BMR* 

[»i 9] 

Aa= e FT s 

[ft2 0] 

Bo = A G 



[ft 2 1 ] 
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C = C< 

hu ICS IK ft B H * f >V » i 4" * J: ? U t *> $ * U-» 0 
[ft 2 2 ] 

xd (k + 1) =AdXd (k) +Bdu (k) 
[ft2 3] 

y (k) =Cd xd (k ) 
x (k+1) & toil &im&%L<OizVtt<?>&&& 

© 

ate) &W%%.b~to 

. ^ y -> x r -f f * <7>&jS.<r.)ti$> 1 ott-f- > T'JHMfc*** iifl 

[ft2 4] 

x ( k + 1 ) = A x ( k ) +Bu ( k ) 

[ft 2 5 1 

y (k) =Cx (k) 



083} 
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oe 



od 



out _ 



A - 



0 0 0 0 0 0 



0 


0 


0 


0 


0 


0 


V 




'a n 


fl 12 








*21 






fl 22 


fl 23 


*24 


*25 






tf 31 


«32 


^33 


a M 


*3S 








a 42 


°43 




a 45 








«52 


°53 


«54 


*S5 
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B 



1 

0 
0 
0 
0 



0 



C - [0 0 



0 0 0 1] 



w *l £ <D%j!t 2 4 £ O 1 2 5 ii H 8 n T * #o*£ U M 3 it ti & 
a»* ttWTW?f**> 3*i*o 



1) )W > • tty "s~#&x.7>?4 * A ^cOgM: (Stat i 0 n a r y 
yvY*)fiZF*lt t )ljy + (R i c c a i i ) £ J: * ffc 

5 954, t^?-H7, vx'f -7P)-f 32 6 0^ 'f>f^ r l"ff 
K . •> x r A X • ^ y 3 ?K U 4 r y K (Integrated Syst em 
s , Inc. ) ^ 



IS2 6] 




• r ' 

(45) ^¥8-5 0 3 07 6 

v vf\ 0 1 7 6 0. ±T'( , 7"? i A . n~ ? . -7 x i 2 4 , 

h • ?M xco^x . 7-?x • K (Ma t h. Works 

, Inc.) ^a#ETb£$MA T L AB (MM) Jff^tfe 

[&2 7] 

F k=MC T [CMC T + V] ' l 
T="? f V ^ X<7>$s§; ( t ranspos i i ion) I"** t 
M= ») * y -f-^Ss^©^ J- ») ? 7.<W 

v = ftiliJyWX<7>it^|k (covariance),H<* fcSRfl-ttfc 

mss *m > f k a $ ft & * i gm<o* y*ift©n^7-« 

ft & fcjE* £*>-fo £ ^ '/at A fcfev»T&BR £ C T 

v** t>«D*S»-r&J*Bg» (x) ®fll€tt*«ogFiEy 

; -f X<o£ vi *> 6 Z t <5 ft ft tf, HirieT-i) 3 ft* fc -t > -9-<t>1 

*t«wtj.^-***fttf^s**jE**ip)L^ftio "bt«rs-t>+fi# 

>h3*Vfc J:-?T*?U, Jt&to^-f X«$v>i<7>-C&6£*#ft£ftft 
Uf, TOS^a ? ft * fi-tfit a>^(Of^t^Ci7- ft tf* § $ ^iE» ? 
SBx^ft&o Ua s ot, tt»ai*tt^j||^S^^^JW$ftfc'fc^, fc£CM: 

£ft&*jil6iFll*tf 



fc« 2 *t*?-*ft (sens e) "C 1 oi fctt^tJiJLLeoiatfc 
4 1 9^tCi£<(0i«*M y h 4 2 0 3 Tfcftt 3*1*0 ffiKS^ 

&~t h m n tomw r h uimp * * *. * • 

- K* y >}* * «; (ROM) 4 4 5 fc *B*& 4 ft fc-S * X r y / V 
7h^77D-f^f^^ |^Af7 /ii, at 7/501 * 

#*rr * v ») y *\ •) > ^# us x ^# 3 ***** s ftfc^&frSMir*- 

WH^tfc*^ (rich) ttil'/Wi ean) M«fcJfrt**?«*3 J: 0*ififlt* 
UJRH"*-*^ttffli*UBIIIrca*T?*ft i o 



(4?) 4$*¥8-5 0 3 07 6 

0 7 tfft&tt LT W-> 0 , ') > 1 4 0 7 v- ») * ^# 1 

4 0 7 ^^^^r^^i-ARlraa^W * D 3 ND-v4 4 1<9T 

pu> 4 fzimm&m^-y k ufc^r«jgMu^frx^vy||jt£ti-fi) 

ttiiiUJ:oT^?tUo KTPUiiftf-4 3 8 #3 J: 4 4 Ofr-**** 
^^■;y^7>*v \'7 h 4 4 2rt«ia4E****UffJl*f , >*JMg&'^i: 
|£$£WT&o iiiiixyy-y^^'vy 3 y g J: £ ft Ji 

S ftfc**8 * J: ffv- Afi is ^tlffi $ ft & 0 ^> v >-co »|f v* -> a 

ynwtTtf, v*)v?t i 4 o 7 «tdc«)I»i 2 o' 6 o c <7>ua 

t mm s u i ft frsaa i £ &m¥-?-& *>o ?~y~J v<?>&%x. n t t uj 

jeSftfc, vlW*P'>*? > A 4 3 K0E0M4 4 5ftUE 

1 S ft* v ») ^/v-^^7.'^>-? ffl r~ 7*fcftJft MU, 8 v 

y>'/;^7^j r f - /«^JiJlTfc:^£ft"C^<>p 
[f!2] 

-> v y ? m% 

1 1 2 0' - 3 6 0° 

2 3 9 0° - 6 3 0 Q 

3 2 1 0° - 4 5 0' 

4 6 6 0° - 1 8 0' 

5 5 7 0' - 9 0° 

6 4 8 0' - 7 2 0' 

7 3 0 0' -5 4 0' 

8 3 0' - 2 7 0' 



(43) ff*?8-5 0 3 07 6 

OB? O s dJU*lT*M'TPU S ^ * ffitt^ ^ v > ft ft ffifi Jfc«+ * 

o t pus 5 ^) ■> ■) y tre>to%x- y on dei n -> •> y 1 4 o 

7«jiy >* >TDC<otfe<z> 1 2 0' O&flL UBIjtLfcfc at 0 

12 0' k 3 6 0' <OM-C, >y# 1 4 0 7 h 4 

0 9 tt#£*ft*tt»ft«>#fc#x 

* * £ ©»*C^a * **>j#ffl a IB 7 3 itT 
-Rt>tiUB4ftJ:CF|B7£€ft&£:^ 7 2 0° O^x^y'yf 0*7 0 2 

iK* v M (l " EXHAUST PORTl' (£©Se-tft»KiJ(/»T , 
k^mibhtzmtl 0 lfif-(7)7D-A'}VAt'^f (> 

D-A^xii->V 1 N 4 0 9^<b&diS*Li^f|S^ES U— 

Mmass f lowrate) ^^t„ h 4 0 9 li*»ft*7 0 3 

t^tJ:iUxvi;^TDC^12 0' (£2 ;fr«fc*il!)S*t&) 

£$ftft« llUlStoUlfttti 3*1*0 i*HiA W «* . h 1 ( ^ EXHAUST PORTl) t 

45«»t€»ftfc*«*^7 0 5ia-?T»- t> 4 0 9 UU^S«f3l ? *IT 

Uil^T £ o £ cdW ii 3 'J3 JSMI-fr -f ? * »• % v V > ^ # 1 4 0 7 U 

J: o T» W * ft* R * 4 K»ft L T i/» * « 

a £^t„ 7 o- /< ;v x 7 0 7 D ~ 7 0 1 I* n < % 

3 *l#-ojl£6 ? JlT^fc ,lKti 7 0 9 ttltftiK- h # 1 frbUMtf 
^>N 4 2 0K8l?ftfcUEG0-b^4 1 9 ^«>e&i|iJ»£«>£fc«#"f-* 



(49) £§S¥8-5 0 3 07 6 

*7 MSI 7 0 4 UMt4i^4^to tfSE*lElilMC**-*>l'Kl5J:0 f 9 

a K ± t L T WflE-f" * £ t K & 1 1""* § TNfc h 0 

Mo h 3 <rt<> EXHAUST P 0 R T 3 5 * *#»tft*l^llJ©«^ 7 

1 3 > 4 1 3*'€>«tB**l*J»ftJl«Ml'- 

t>-T<$.-<r> y o - >v a £ l^f, - M 1 3 it J~ > 'J V <0 T D C <D&<7> 

(MUU 2 frh SHiJiiC) 2 10' > v * nfe<rM < -C#JIRafc* 7 
1 5 * ft* J: n KH < (EV03) , v')^# 1 4 0 7 t RttU 

EXHAUST PORT 3* fc fcfttt <5>*ifctt«>#}&7 17UJ:oTW- 
M 1 3U fc^Tfil*** * it* i: 9 * $ iiT^*o £*>*# 7 1 7 7 0 

5 a , ft * . > 1 1 ra«u £ fc K ft I 

«7 1 9 M' OEG03 5i^Mi+M > M 2 0 ^ft* 7 D 

a £^t„ v V > 1 4 0 7 <r>m UJiC, 7 19ti7D"^ 
7 1 3 ± IT- *> £ it * 4 fc^ < a-it $ il^ii tTV^4 0 II 
*£ £ b LT> « t > 7 2 1 fiJE&v V V ^# 1 4 0 7 U PI it T * ®tm 
£ti 7 0 9 X i)j5.\t*Zk £*ltt, ■>•') ^# 3 41 

1 CNX?«ttft>K~ M 1 3 V v ^# 1 4 0 7 F 4 0 9UH 

*t*3igS£4 1 6 £ *fiHMHU 1 8 fcE»3JlT^4jfr.<s> 

&*<, *J8Ufc*7 2 3 T*.,«tJi:/ 7 0 4 U»t* 

£©$&£*;* LTV * 0 

»e««<t«.) 7 2 5 tiUEG0-lr^^4 1 9*>iff#tf>itf|#'f > I* 4 2 0 
iztiif& y£>-rt)V7>M° uecoi 7 0 7J3J: tfM 0 uico 3 7 1 9«>*Rto*B'fr*>-£ 
*^"to fH?UJ:it, jfe^M' UEC oi 7 0 IteJUfM* 0E c«>7 1 9iifik 
^?HT'v>4, jft^M* u E Go tl «3 7 2 5<?>-§6 7 2 7lifiBc»W UEC oi7 
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0 7Kfr£T£o mm" u t «o<i«.) 7 2 5 ©*«>8I£ 7 2 9Ji7 0- '^V 

9-7 3 lii«M° » E g»7 1 9a»fc«>&tf>##*>j*LTi/>*o 
i^t)aLK7D-A-)kAM' uigo«.> 7 2 5 *-^">y 1 4 0 7 

* j: o<# 3 411 0>#KftmKH+z*mvmn*&n*m#fte>ii*>* 

imrt? 3 3 A»EGo t t n ,-C^?3tT</^o 3 3 ttlSjK-f > h 4 2 

Ofci$tf&$£fcE*£*>1-o 

? 3 5 ii 7 3 3 A u i« <• c i « > ri**f£<^& -> V * ^ . £ v 

7 0 3UiJ'/'t, ->») 1 MiiftJ&A, ft * . > 1 7 0 5 

T-^ S it sb i: •? n*r t L Lfc£* 0 7 1 1 U 

is k^x s a<r> y n - /< n-* tf-t y -9- k jij it lt & <3 -t ^ + <r> £ k &W 4- 4 

5feftf*o #ra*7 3 8 tt*»#-f y m 2 o Kmz>®m<Mmi&m*m 

a->r/^- f 4 0 9K»Ll*K*HttK-fi«)«s £*>**li#ll?l& i * : 7 

31 #JH»*7 3 9U*v>T, > )• 4 2 0 K^»t4bKXM<2 

ffWgrfcjfro JiH "C £ « ^ fc =5: S , Z Mi v*)V?%% 4 11 i:^t h 

7D-^ jv 7s^-> >} y r# i 4 0 7 Ki^ii-f £ ft 1 ' 5 (bio w 

-off) tft***-fe-e**o IT&^7 0 7 v 'J >- 

D-ti:v»)y^# i fciitf* 3#-fc«o$&#x£&£-U ^tua^T^yfu 
£ if ^SIIt^StK $ * o * #M§5t^ 7 4 1 tyfs ioK, v ») 
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To 

UEGO s? <..t) (UEGOskmkmo) 7 4 3 

ff 4 2 9l'^T» ¥S8**t*£i3l)> UEGO« * c..o 7 4 3 fi^U-etl 
-ffrwSE&'K*- N 4 0 9fc<fcC* f 4 1 3 ^fcjtfdi $ *ifcB*»Jfc7 3 7 

i3J:t) J 74 1 S-jEiSUfitt 

-hi 4 0 9*fcilEib**l*, SfK*? 3 7 J:9fl*ttUglJ£L*</>© 13 

i£K> g-^W<^7 4 6tf?£LT, fim^K- h 3 4 1 3#e>Sftb 

U**7 4 1 *$tf&*fcJ|j£Lfc^o ±* LT. iitJiU E GOt J'* 4 19 

'S-ftM^TsT A * 4 9 i'Stt, ^Af7 7<0^frfc X vXvi ? D 3 > 
hn-^4 4 l^tll*?Wc 4g*££fi, S-fl^<iV7 4 7tts SEft 

M 4 0 9*-e»^a?*l*. -if-l-^^7 3 7 
tiitt^i, ffltiiu* fc*i^*7 5 l li> f 3 4 1 3*>&tttb 

ft-!fw<>V7 4 1 fc£Kttfc$«fc*fca£TS 0 #M^*7 5 3iiv 
») 1 W itr 7') v^lSSH^Stii: K&@T^#"C'&& 

0 4 fc, 7 5 5 (i -> >} y?t% ^MM? Z>&1jV > -f >) > 
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i > 7 y M«pR«u z-iLfiti&ffi^&tA, ^5e*W * fro 

7 7* V y 7 W& ttfcfc E 5 CO 7 D - + * - KOift 59 J3 U ?¥*ffl K & 

H5KJCft£^ Af^5 0 5UfcK, di?>'*77' , J 7^jgSi* 
- hSit&o iodlA7-9-^ 7*') ^a**-^ 7^£PiiT& 

7*5 0 7 Ufc^T, *£Se 3*i<b£*t«Alt« (air charge 

mass) , MaSI (fuel charge mass) 

v^M^t^tXi'^v') 7^ (v '») 7^# 1 4 0 7) UitLTftiiS 
it-oo £ Jtfc©<*9 >t - ? Ji£tf>fl/-f-7 5 0 0 v -7 ^NURIK X 

»(©Kft«>f|-eab*o J^ttA It* War* ? h*-A4 3 luio 

T jftff f 4b ItZXo Ttt« W«> 7 ') 7 K & A $ *l A * 1 * *> 

a K« , «*HS! a ft 1 is J y -7 ^ aft t^T S Sft©* 7 v 

Xf-y 75 0 9£i3^T, ^HSft4»K«*»***|||fl5LT^* (a 
ctive) -7 9 7/u^i-*^ffi#x^n^««A«i5J:«WA«ft 

tt*3*i*o itiii* l-n-vMC 6 8 3 3 2|vOE3y 4 4 

1 k j: o t J31T *fr?- & i i u J: o T iiJ£ * *u-> Q 

[£*2 7] 
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p v-wn) 
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